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Abstract 
T On the basis of time-reversal focusing theory, time frequency analysis combining with time reversal mirror 
(TRM) on detection of linear frequency modulation (LFM) signal in inhomogeneous medium is studied. The 
experiment on time frequency analysis is carried out in a lab water tank. A signal is received passively by a TRM, 
time-reversed and then re-transmitted into the same medium. The re-transmitted signal is received at the source and 
Wigner-Hough transform (WHT) analysis is performed. The time varying spectrum of time frequency analysis gives 
more useful information to recognize different types of target signals. The experiment results show that the new 
method can reduce cross-term and suppress multi-scattering. The approach is effective and feasible. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
How to detect linear frequency modulation (LFM) signal in underwater multiple-scattering medium is 
a challenging problem[1,2]. Time frequency analysis which provides localized information on the time 
and frequency domain has important application in the detection of non-stationary signals[3,4].Barbarossa 
S propose a method for LFM parameter estimation—Wigner-Hough Transform (WHT)[5].The effect of 
WHT has been studied in other contexts in signals embedded in noise, but not in connection with time-      
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reversal, as it is presented and analyzed here. 
As time-reversal mirror (TRM) is useful tool for the analysis of stationary signals by the ability of 
refocusing[6], here, we first propose an approach that combines TRM with WHT to detect LFM signal in 
underwater inhomogeneous medium. A signal is received passively by a TRM, time-reversed and then re-
transmitted into the same medium. The re-transmitted signal is received near the source and WHT 
analysis is performed. The time varying spectrum of time frequency analysis gives more useful 
information to discriminate different types of target signals. 
In this paper, we explore analytically and experimentally the new method in a regime of parameters 
where the effects of random medium are fully developed. The experimental results demonstrated that this 
scheme not only suppresses multi-scattering, but also reduces cross-term of the multi-component LFM 
signal. 
This paper is organized as follows: First, WHT is analyzed theoretically based on Wigner-Ville
Distribution (WVD).Then, a series of experiments about detection of LFM signal is conducted using 
TRM combined with WHT in water tank, followed by corresponding analysis. Finally, we give a 
summary about the advantages of the approach. 
2.Wigner-Hough Transform  
WVD of a LFM signal shows the optimal energy concentration in the time-frequency plane. It is this 
ideal time-frequency resolution which makes WVD useful for LFM signal detection. For multi-
component LFM signal, this optimal concentration is no longer assured, and cross-term often appears. In 
this paper, we show how to design a new method which combines TRM with WHT to detect LFM signal 
in underwater inhomogeneous medium. To explain how this is achieved, one needs to first look closely at 
the definition of WVD. The WVD of an analysis signal )(tz is given by  
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*denotes complex conjugation. WVD maps the one-dimension time signal onto two-dimension time-
frequency plane ).,( ωtWz  WVD of the ideal LFM signal is a line in time-frequency plane. 
                 Hough transform is expressed in the form 
,θωθρ sintcos += 0≥ρ πθ ≤≤0      (2)
In fact, hough-transform is the line integration along ω−t plane. It maps a line in the ω−t  plane onto 
a point in the θρ -  plane and the energy of this point equals to the sum of all the points in the 
ω−t plane. Therefore, a peak will appear in the θρ - plane. 
In time-frequency plane, a line is expressed using intercept 0ω and slope m  as 
parameter, .mt0 += ωω The relation between parameter space ),( m0ω and )( θρ , can been expressed 
as
,θcotm −= .θ
ρω
sin0
=                                                                     (3)
For a finite energy signal )(tz , the WHT is defined  
∫ ∫∫ ∫ ∞∞− ∞∞−∞∞− ∞∞ ≠=−−= mt)dt(tWdtdmt)(tW).(WHT 0z0zz ωωωωδωθρ ,)(,
,θcotm −= θρω sin0 /=                                          (4)
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 It is shown in Eq.(4) that the maximum integration value will be obtained when the signal )(tz  with 
parameter 0ω  and m is LFM signal. In the same way, the integration value will decrease rapidly when 
the parameter of the signal deviate from 0ω and m .Thus, the WHT for LFM signal appears a peak at the 
corresponding parameter location. 
For multi-component LFM signal, the conventional WVD may results in cross-term based on 
Eq.(2).Due to the oscillating character of cross-term whose parameter deviate from 0ω and m ,the cross-
term is weaken after the integration in Eq.(4).It is this integration which makes WHT yield good energy 
concentration for multi-component LFM signal. Generally speaking, WHT of LFM signal corresponds to 
a peak. If the peak exceeds a threshold, we can decide for the presence of such a LFM signal whose 
parameter estimation of 0ω and m is given by the coordinates θρ , of the peak. 
3.Detection on LFM signal using WHT combined with TRM 
To explore the effect of the new approach which combined WHT with TRM, a series of experiments 
are carried out in water tank. The linear vertical array is made up of 64 transducers. The width of every 
element is 16mm and the space between elements is 8 mm. A receive transducer B is near the point 
source S. The source S and the center of the array are in the same horizontal plane. The horizontal 
distance between the array and source S is 7000mm, 200 scattering points whose diameter is 0.8mm were 
distributed randomly in the water rank. In order to simulate real underwater environment, we set a target 
T whose diameter is 8mm between the source S and the array. The source S transmits LFM signal to 
target T, the array receives the signal at the same time. Original double component LFM signal and its 
power spectrum, WVD image of the signal are shown in Fig.1.  
Fig.1 Time frequency diagram of original signal 
The frequency range and the length of the signal is 50Hz-400Hz and 128 points, respectively. After the 
WVD of the 1200ms time window of the received signal by the array is computed, we get the time-
domain signal, power spectrum and time-frequency 2D image (Fig.2(a)).In Fig. 2(a) we can see that the 
time-domain signal is expanded seriously and there are many sidelobes distributed in the time domain . In 
time-frequency plane, the time-frequency image of the scattering of the target T appears near 600ms, 
whose frequency range is between 100Hz and 400Hz. Because there are many scattering signals caused 
by random scattering points and their distorted signal, especially several times scattering images of the 
real target, it is difficult to detect and recognize the time-frequency image of the scattering of the real 
target. Fig. 2(b) is time-frequency 3D image corresponding to Fig. 2(a). As can been seen in Fig. 2(a), 
there are time-frequency scattering signals in the middle of the time-frequency plane and many cross-term 
interference signals caused by the WVD of the double component LFM signal at the low frequency and 
corresponding high frequency segments of every scattering point. It affects the detection of the LFM 
signal seriously. Fig. 2(c) is 3D image of the WHT of the corresponding to the signal of Fig. 2(a), there 
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are many peaks appearing. The transformation of WHT is drowned by multi-scattering. This is because 
multi-scattering affects energy accumulation along lines. Therefore, it will cause many peaks in Fig. 2(c). 
Fig.2 a. Diagram of WVD time frequency  b. Three-dimension diagram of WVD time frequency   c. Diagram of WHT time frequency 
In the second step of the experiment, time-reverse the signals received by the array A and retransmit it 
by the every element of the array A in the same medium. The time-reversed time-domain signal received 
by transducer B near the source point and its power spectrum and WVD time-frequency image are shown 
in Fig. 3(a). It’s clearly seen that time-domain signal focusing at 600ms, double component signal remain 
and many sidelobes caused by multi-scattering disappear. In Fig. 3(a) we also see that the power spectrum 
corresponding to multi-scattering signal disappears with the two spectrum line caused by double 
component signal remaining. It’s known that WVD of the LFM signal corresponds a line in the time-
frequency plane, therefore, we can detect double component LFM signal preliminarily in Fig. 3(a).In 
order to better observe the parameter of the time-reversed signal received by the transducer B, we time-
reverse it again and get the 3D image of the WVD time-frequency of focusing signal in 160ms window in 
Fig. 3(b).Clearly we can see the two crossed lines. One line creases following time linearly whose 
estimation of the frequency range of the signal is 0.11kHz~0.28kHz, the others decreases following time 
linearly whose estimation of the frequency range of the signal is 0.38kHz~0.21kHz.The energy of the 
signal concentrate in the range of 20ms~140ms ,especially it has maximum at 115ms. Here, the cross-
term distributed at low frequency and high frequency segments affect the detection of the focusing signal. 
We transform the WVD signal corresponding to Fig. 3(a) into WHT signal using Eq.(4).There are only 
two clear peaks and many very low sidelobes in Fig. 3(c). According to the WHT of the signal, the 
method works well because we not only detect the double component LFM signal but also suppress the 
cross-term caused by them. 
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Fig.3. a. Diagram of WVD time frequency             b. Diagram of WVD in 160ms window          c. Diagram of WHT time frequency
4.Conclusion 
 In conclusion, we propose the new approach that combines TRM with WHT time-frequency analysis 
to detect LFM signal in underwater inhomogeneous medium. The experimental results demonstrate that 
this scheme not only suppress multi-scattering, but also reduce cross-term of the multi-component LFM 
signal. The approach provides new insight into the development of a new application in underwater non-
stationary signal detection and target recognition, which can capture important information in underwater 
acoustic signal processing. 
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